Abstract. Intra-and interspecific larval competition in Telenomus costalimai and Ooencyrtus trinidadensis venatorius, egg parasitoids of Rhodnius prolixus, were investigated in the laboratory after nearly simultaneous oviposition in the same host egg. The encyrtid species is generally more successful than the scelionid, and this is apparently related to the gregarious character of the former. The analysis of survivorship curves shows that T. costalimai suffers early mortality, mainly as the result of physical attack by competing larvae, when its own density increases; but O. t. venatorius shows very little increase in mortality with in-reasing larval density when by itself, and even shows a reduction in mortality when its competitor is present. An increase of developmental time with increasing larval density was also found in T. costalimai.
Telenomm costalimai and Ooencyrtus trinidadensis venatorius are 2 species of egg parasitoids that naturally attack the eggs of Rhodmus prolixus in Venezuela (Ortiz & Alvarez 1959 , Feliciangeli 1973 , 1976 , De Santis et al. 1975 -1976 . The host is one of the main vectors of Chagas' disease in several Latin American countries, and the possibilities of using one or both of these parasitoid species as agents of biological control are being investigated. Their life cycles are already known (Gerling et al. 1976 ). Therefore, a study of larval competition was undertaken to evaluate their potential interference if used simultaneously in biological control.
MATERIALS AND METHODS
The R. prolixus population from which we obtained eggs for this study has been maintained in the Ecology Center of the Venezuelan Institute of Scientific Research for about 10 years. The populations of T. costalimai and O. t. venatorius were made available by Dora Feliciangeli, who collected them at Higuerotal, near Maracay, Venezuela. All populations were kept in a climatic room (28 ± 1 °C, 60 ± 10% RH, 13:11 h L:D). Eggs of R. prolixus were obtained from populations kept in 3.8-1 jars, with 50 adults each (1:1 sex ratio). The details of the rearing technique can be found in Gómez-Núñez (1964) .
Adult wasps of both species were kept in 1.5 x 5.0 cm cotton-plugged glass vials. They were not provided with water or food, since T. costalimai proved to have almost the same longevity and reproductive capacity with or without food, and O. t. venatorius feeds on secretions of the host egg after perforating it with the ovipositor.
For the experiments, 30 eggs of R. prolixus were glued to a small piece of cardboard and placed in a glass vial with 30 female parasitoids of one species, where they were left for 1 h. They were then transferred to another vial with 30 female parasitoids of the other species, and left for another hour. Six such vials were prepared. Since oviposition by both species was practically simultaneous, the order of parasitization by each species was assumed to be unimportant.
Every 24 h after oviposition a certain number of randomly selected eggs were dissected. In order to keep the 24-h period as precise as possible, only as many eggs as could be dissected in a 1-h period were used. This resulted in a variable number of eggs being sampled. Dissection was performed with entomological needles and forceps under a binocular dissecting scope. The operculum was removed and the contents of the egg slowly and carefully extracted. The contents were analyzed for species of larvae present, larval stage, larval condition (alive, dead, degree of melanization, mandible marks) and interactions (individuals in physical contact with mandibles or tails). This kind of information allowed subsequent checking of the mortality of each species at 24-h intervals, for up to a total of 5 intervals.
Although there was no control on the number of ovipositions in each host egg, the data were grouped according to larval densities of each para-TABLE 1. Frequency of emergence of each species from mutually parasitized eggs in various combinations of initial larval densities.
* N = total no. of eggs examined. ** N e = no. of eggs that produced adults of the corresponding parasitoid species. sitoid species, thus allowing the stratification of results to detect density effects. Here larval density means initial number of larvae per host, irrespective of how many survived to a given day of development.
To avoid possible age effects, all R. prolixus eggs used in the experiments were 0-48 h old, and all wasp individuals 0-8 h old.
R ESU LTS
The overall results of success in competition are shown in TABLE 1 for different initial larval densities. In almost all cases, O. t. venatorius was more successful than T. costalimai. The effect of competition, both intra-and interspecific, on T. costalimai is clearly seen in TABLE 2; total mortality from egg to pupa for this species increased with increas- ing density of either species. There is, however, a curious inversion in the total mortality in O. t. venatorius, which decreased with larval density when sharing the host with only 1 T. costalimai larva.
The pattern of mortality with time due to intraspecific competition is shown in a time-specific mortality table (TABLE 3) . In T. costalimat no deaths occurred when there was only 1 larva per host, and most mortality was recorded in the 1st day of life when 2 or more larvae were present. On the contrary, mortality in O. t. venatorius occurred mainly in the later stages of development. A G-test (Sokal & Rohlf 1969 ) revealed significant increases in * No. in parenthesis is total no. of larvae counted. ** Zero means that mortality was due to interspecific competition only.
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FIG. 2. Survivorship (lx) of Ooencyrtus trinidadensis venatorius at 3 different densities under competition with
Telenomus costalimai: (a) when initial density of T. costalimai was 1 larva per host; (b) when initial density of T. costalimai was 2 or more larvae per host. mortality with increasing larval density in T. costalimai (G = 43.71, df = 5, P < 0.05) but no differences for O. t. venatorius (G = 12.42, df = 10) .
When the larvae of both species occurred together, the resulting reduction in survivorship (probability of arriving alive at a given age) was dramatic for T. costalimai but minor for O. t. venatorius (FIG. 1, 2) . When compared in terms of mortality, however, the effect of initial larval density proved to be, in almost all cases, statistically significant at the 5% level, as evaluated with the Gtest. The only exceptions were the mortality pattern of T. costalimai when the larval density of O. t. venatorius was 3 or more (the 2 dash-dot lines in   FIG. 1) , and the mortality pattern of O. t. venatorius when its own larval density was 1 (the 2 solid lines in  FIG. 2) .
Intraspecific competition in T. costalimai had an additional effect: the developmental rate decreased with increasing density (TABLE 4). This effect was statistically significant at the 5% level with the G-test, during both the 3rd (G = 6.36) and 4th days (G = 8.47) of development. DISCUSSION Salt (1961) suggested 4 possible mechanisms whereby supernumerary larvae are eliminated: (a) direct physical attack, (b) physiological suppression, (c) accidental damage, and (d) selective hunger. The first 2 are typical of solitary internal parasitoids. In our experiments we found evidence of direct aggression by 1st-instar larvae of T. costalimai, both in intra-and interspecific competition. In the former, T. costalimai is 100% efficient; however, when competing with O. t. venatorius this ef ficiency drops (Table 2) . We believe that the agressive 1st-instar larva of T. costalimai initiates direct attack on another by detection of the movement of the competitor within the host; thus the drop in efficiency when competing with O. t. venatorius is explained because the latter's 1st-instar larva develops within its egg (thus being physically protected from attack as 1st instar) and the 2nd instar is much less active than T. costalimai larvae. It was also observed that when T. costahmai larvae are killed by O. t. venatorius, the dead larvae normally present signs of melanization, suggesting that O. t. venatorius affects its competitor by a physiological mechanism rather than by a direct physical attack. This evidence was reinforced by results which showed that as density of O. t. venatorius increased, the degree of melanization of the dead larvae also increased.
The delay in developmental time of T. costalimai with increasing larval density was also related to physical attack in the following way: when only 1 larva occupies the egg, it starts feeding immediately after hatching (about 17 h after oviposition) and continues to feed for about 7 h. However, when 2 or more larvae are present, the larva which survives will not start feeding until competing larvae have been eliminated.
In the gregarious O. t. venatorius, the increase in larval mortality with larval density was, as expected, very small. The mechanism involved is probably related to food availability, since larval size was smaller at higher larval densities. Furthermore, increased survival of O. t. venatorius with increasing larval density in the presence of T. costalimai ( T A-B LE 2) may be explained by the additional food resource represented by the larvae once they are killed.
The results presented here were derived from an analysis of competition following simultaneous oviposition; this situation, however, is probably infrequent in nature. The more common case of oviposition separated over time, with one or the other species ovipositing first, will be studied in future experiments.
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